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an tho use, of anhydfrous al.uminm ohloride to accelerate the.
rozation between org~ario **id chloride* and 202,p2..tinltro-
*thsxml under mild comitions.

This rewtion is a neoessary stop In the
propwration, of a noew class of ~ezrimental high ew)loeivee
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This report Is a description of the synthesis of esters
of 2,2#2-tn itroethanol perton uaftr Ts•s Db- •) o.
19-1-52. The nlieabiity of the wo* and Validity of
the conclusions am the rsgmability of the author and
of th •hemistry Division, LoWsives Resesarh Depzt t,
of the Naval Ordnance Iabontory. This report is tor
pz, eliuinaIf infozuatIon only.
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"IMPROl~VED METHOD 1WO THE PWtZARATION
OF ESTKR8 OF 2.2,.2-mIurtos0TRAN0L"

1. Esteriltoation of organic awids with 2a ,22r tro-
ethan~ol was fir'st acooml1iehea in 1943 by J. udl Soheneic
WAd others of the, State Institute for metal Chaistry,
Psrburg 8 Gemsn (effteno 1). In this coontry the Hlercules
Powder Conarny (refoersc. 2) has rspeate4 the proparation
of most of the esters reported b-. Soiewnk amd prepared
additional onces, Sow of the 202,2u-trinitroethanol. *stoer~
are of considerable, interest as msw high. eplosivse because
of their high oxyen content and good thenisl stobility.
In addition certain of thom have polymerisation properties
which are being Investigated for propellan 600ooltions
ard othersn may be usefulI as explosiv* waxes. Nuteattio

foxuati.Zzwrintroft l9 JY#4s4triantrobutyrato and bin
(trizl 3.)sucoinsto mid eucellent thermal stability

at 1200C has 1ed to further study of thse" two estoer aw
new eastabl@ high e*plosivox, They are a in IlOt pIrZt
production by' the NagtccCheicial Division J the &tl~ted
States Rubber Covariy under BuOx1 coutmact (reference 3).

2. This report comtains prellainary a.fra~' n the
acoe. eratinm effec t of anihydrous almuisz ohloride ra the
rat* of reaction between 2#2,p2-tr iatroethanol &An VSWAxC
acid chlorides under m±34 conditions. Maoii reaction is a
necessary stop In the prpaati on of such co*@und ,, but has
heretofore been carried out under difficult or 4a,4pwous
conditions. ratv rpriso

3. Teratvprprinofthe ON grow~ in 2,2,#2.
trialtwoethao arwe greatly decreased by the twf.nitU*meth71

grop.Consequently formation of its esters by the usual
methods frwa organic &*Ids or #Adid &vbydrtdes is difficult
and not eurlapplicable. Their preamtizon has usually
been accfomplise by heating trinitroethanol wiLth an organic
acid chloride without a polvent inediuxa at teuewratuwes
ranging from 2500 to 13590fo sereral hours,*na Itz'othapolestrsprpaedby the Hercules Powder Comprr rereme 9
by this method Include the bensoate, acetate oyanoeactate,9
acrylate. salicylate, mabonste,0 suacinate, 4 ;Ltarate, adipatep
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phthalate, 4-nitrophthalate, and terephthalate. The rate
of reaction of trlnitroethanol with acid chlorides decreased
greatly when a solvent was used to dilute the reactants
and few preparations have been successful when carried out
in this winer. No product was obtained by the Aerojet
Zwineering Corporation (reference 4) when mesaconyl chloride
was refluzed with trinitroethanol in methylene chloride or
chloroform, and only a small amount of a pzroduct was obtained
when xylem was used as a solvent. When f imary1 chloride
was heated with t'initroethanol in tetrachloroethane at
1410 for 2 hours, no reaztIon resulted (reference 5).
sowver, the Naugatuck Chmical Division of the United
States Rubber Company (reference 6) has obtained bis(trinitro-
ethyl) suoeinate by dissolving suocinyl chloride and trinitro-
ethanol in bensene and refluxing for five hours with p-tolu-
enesulfonic acid catalyst. Trinitroethyl acrylate has been
prepared from aorylyl chloride and trinitroethanol by 16
hours "efluxing in benzene with p-toluenesulfonic acid
(referencoe 7).

The classical chemical method of simle esteriflcation
of free acids by aloohols, when attewted with trinitro-
ethanol using mineral aiM catalysts, requires very long

tion periods. The Aerojet nneeing Co ration
•e 8) has prepared trinitroethyl methacrylate in

old by reacting trinitroethano2 and methaorylic acid
for hours in refluxing benxene uasing sulfuric acid catalyst.
The preparation Of trnitroe thl acrylate in the same manner
requrod file days and nightis (reference 9). In this labo-
ratory bin (ts4ritroethyl) suocinate was obtained in 55% yield
by direct esterif Vsation In refl -003 bensene for 300 hours
with p-tolusnesulfcnia said catalyst added intermittently.

Previous work on the catalytic esterification of acids
by trinitroethanol has been confined to the use of strong
acids, such as sulfuric and p-toluensultonio acid as
catalysts. These have been far from satisfactory frm the
atanpoint of yield, re~ction time and applicability to
larg :sie production. Diret reaction of an acid chlorlde
and taulnitzothanol in the absenoe of a solvent at elevated
t rtiws makes even larg scale laboratory preparation
unfeasible because of the danger of explosion inherent In
the method. Also none of the above methods was easily
awlicable to p2paratLon of esters of alpha,, beta unsatu-
A diearboo~li aoids ro this situation arose an
intermst in finding a eatalytia method which would afford
easier and safer laboratory preparation which would extend
esterifiesation to prwevbusly uwoetive acids and which
would be applicable to pilot plant produotion. Consideration
of a type of catalyst dissimilar to the strong acids but
Wmn for reactivity nd oaplex formation led to the success-
ful use of anhydrous aluatirm Chloride.

COVIDENTIAL
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Discussion

14 The use of small amounts of anhydrous aluminum
chloride with an acid ahloride and 2,2,2-triantroethanol
peonits the reaction to proceed rapidly under mild con-
ditiono either with or without a solvent, Good yields
have been obtained in ahort reaction periods and the
method snes to be generally applicable. However, man
aspects of the process have not been investigated as yet
and the information contained in this report should be
oonidered preliminary.

The preferred prooeduro fo oar z'cyIn out the
reaction Is to add slowly a solution of organic acid
chladde to a mixture of 2,2,2-trinitroethazil an a
=oil amunt of alusmim qhloride in the presence of a
solwint such as carbon tetghlorlde or olorafom at
teqmeratures ranging fro WO to the reflux twmperature
ot the solvent. Bvolutioz; of hydI oen chloride g is
vigorous and maintains a fair rate until the reaction is
ooq"lete. Alternatively,, 2j,2,-telattroethanol and an
a&od chbla ide my be dissolved in a solvent ad powdered
almindi ohloride added at roao taq~erature. If necessary
this reaction mixture may then be waned to such teera-
ture that vigorous evolution of hydrogen chloride Mwa
ooours and, after this evolution subsides. ending with a
short reflux period to ocapete the reaction. The erode
product obtained after filtration Is washed with iced
dilute hydrochloric acid to romve alumium chloride and
recrystallized.

In the absence ft a solvent, the esterifloation
reaction proceeded vigorously at r taeMFatw In most
case in the xresenoe of alumzim chloride. In the prepa-
ration of bis trinitroethyl) swuonate, the titon pr.o-
oeeded so rapidly that the reactant mixture set to a
solid mass of precipitated product wlthin two nimites.
ZY thbmselves tu~azl chloride and trialtroethanol did
not react at an appreciable rate below 1000 C* but did react
*ompletely at room twerature w*,h five minutes after

i c chloride was added (refrwenoe 5). Tfrnitroethyl
4.l.4-ttrintrobuty1ate was prepad trV 4,044-trnitro.
butyxyl chloride by this method in " yield after rocrysta~e
l ation.

30 far the optimum mount of alumima chlorldia to
usm ham not been detwzained. The quantities which were used
vawled with the conditions of experiment and with the reao.
tivity of the said chloride&s, For expe ets where no

34
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solvent was used quantities of alumirai.Im chloride equel
to 10-20% of the molar quantities of the acid ohlorides
gave satisfactory results, wnd for experiments using a
tolvent medium, quantities up 1o 50% molar ratio were
used. Reactant concentration ims 0.4 mole of acid ohloride
per liter of solvent, either carbon tetrachloride or ehloro-
form, with trinitroethanol in 10-20% excess. The rate of
reaction of the components was followed by leading the
hydmgen chloride gas evolved into a solution of silvexr
nitrate or a standard solution of sodium hydroxide-

Plans have been made to detemne the relative
effect of other Priedel-Crart. type catalysts (of which
aluimi== chloride is only one example) on the esterification
reaction and to determine the applicability of the method
to other polynitro alcohols. Prom this work some infor-
mation on the mechanism of the reaction may be obtained.
Patmt anpliation has been submItted covering thle pr'oeas.

Experimental

Results and informatioi on the conditions ueed in
the evperiments conducted so far are sumuarized in Table I.
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